Genomic DNA clones containing the human and murine genes coding for the 50-kDa T11 (CD2) T-cell surface glycoprotein were characterized. The human T11 gene is =12 kilobases long and comprised of five exons. A leader exon (L) contains the 5'-untranslated region and most of the nucleotides defining the signal peptide [amino acids (aa) -24 to -5]. Two exons encode the extracellular segment; exon Exi is 321 base pairs (bp) long and codes for four residues of the leader peptide and aa 1-103 of the mature protein, and exon Ex2 is 231 bp long and encodes aa 104-180. Exon TM is 123 bp long and codes for the single transmembrane region of the molecule (aa 181-221).
mic domain rich in prolines and basic residues. cDNAs encoding the murine and rat equivalents of T11 have been cloned and shown to define a homologous structure bearing a 50% overall identity at the amino acid level (12) (13) (14) . In contrast to immunoglobulins whose variable and constant region domains consist of antiparallel (3-sheets, protein modeling of murine and human T11 external segments indicates that these structures most likely belong to an a/,B-protein folding class (12) . Furthermore, the cytoplasmic region of T11 in each species is predicted to have a nonglobular conformation and is sufficiently elongated to allow for potential interactions with multiple other intracellular proteins. It is thus likely that the cytoplasmic region subserves a signal transduction function.
Here we report on the isolation and characterization of human and murine T11 genes. DNA sequence analysis demonstrates that the human and murine exon-intron organization is virtually identical. § Of note, the extracellular segment of the mature T11 protein is encoded by two exons, whereas almost the entire intracellular segment and 3'-untranslated region is encoded on a single exon. The 50-kDa T11 (CD2) surface glycoprotein plays a major role in T-lymphocyte function (1) (2) (3) (4) (5) . Monoclonal antibodies directed against an epitope on the external segment of the human T11 molecule (T111) block T-lymphocyte activation, including that mediated through the T-cell receptor for antigen and major histocompatibility complex (Ti-T3) (6) . In contrast, antibodies defining two other extracellular segment epitopes (T112 and T113) in concert give rise to antigenindependent human T-cell activation (1) (2) (3) . Thus, interaction of specific monoclonal antibodies with the T11 molecule produces either profound antagonistic or agonistic effects on T lymphocytes in vitro. The ability of anti-T111 monoclonal antibodies to inhibit T-lymphocyte activation is predicated, at least in part, on their capacity to abrogate T11-mediated cell-cell contact (7) . In fact, the spontaneous interaction between human T lymphocytes and sheep erythrocytes is but one manifestation of the role of T11 in facilitating cell-cell adhesion (8) .
To more precisely define the biochemistry of this functionally important molecule, we and others have elucidated the complete primary structure of the human T11 molecule by protein microsequencing and cDNA cloning (9) or by antibody selection of expressed cDNA clones (10, 11) . The following three segments of the protein have been defined: (i) an extracellular segment comprising more than half of the molecule and bearing only limited homology to members of the immunoglobulin gene superfamily including the T4 T-cell surface protein (9, 10) ; (ii) a single hydrophobic transmembrane segment; and (iii) a lengthy 117-amino acid cytoplas-
MATERIALS AND METHODS
Genomic Library Screening and Restriction Mapping. A human peripheral blood lymphocyte genomic library (kindly provided by S. Orkin, Children's Hospital, Boston, MA) containing DNA partially digested with Sau3aI and ligated into the EMBL3A vector (15) was screened with a 335-basepair (bp) 5' fragment of the human T11 cDNA (PB2), ending at the unique EcoRV site (positions 8-335), and with a 401-bp 3' fragment ending at the second internal Taq I site (positions 617-1017) (9) . Genomic fragments containing regions that hybridized to PB2 cDNA were cloned into pUC18 for further restriction analysis. Exons were identified within the human Til gene through hybridization with kinasetreated 17-base oligonucleotides whose sequences were derived from the human cDNA. All mapping distances are accurate to within 100 bp. Oligonucleotide synthesis employed standard cyanoethyl phosphoramidite chemistry on an Applied Biosystems model 381A (Applied Biosystems, Foster City, CA).
BALB/c mouse liver DNA was partially digested with Mbo I, and the size-selected 15-to 20-kilobase (kb) fragments were ligated into the EMBL3B vector and propagated in the host bacterium LE392 to produce a murine genomic library. The 819-bp 5' EcoRI fragment of the murine cDNA XB2 (12) was used to screen the library for murine T11 Abbreviation: aa, amino acid(s). §These sequences reported in this paper are being deposited in the EMBL/GenBank data base (Bolt, Beranek, and Newman Laboratories, Cambridge, MA, and Eur. Mol. Biol. Lab., Heidelberg) (accession no. J03622 for the human T11 gene and J03623 for the murine T11 gene).
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sequences. Restriction analysis of the phage DNA and subcloning of hybridizing fragments was performed as above.
Sequence Analysis. Fragments obtained by electroelution from agarose gels of bacteriophage A DNA digests were subcloned into bacteriophage M13mpl8 or -mpl9 sequencing vectors by standard procedures (16) . Sequence analysis was performed on these clones by the dideoxy chaintermination procedure of Sanger et al. (17) 
RESULTS AND DISCUSSION
Isolation of Recombinant Phage Containing the Human and Mouse Tl1 (CD2) Gene Segments. A genomic library constructed in the A vector EMBL3A (15) by partial Sau3aI restriction endonuclease digestion of human peripheral blood lymphocyte DNA was screened with 5'-and 3'-specific fragments from the human T11 cDNA. Three types of phage were recovered from the library that encompassed all of the coding segments from the known cDNA sequence (9) as well as extensive 5'-and 3'-flanking regions (Fig. 1) . The 5' fragment detected two classes of phage, such as ABT2D2 and ABT2; whereas the 3' fragment detected ABT2 and ABT1 (see Fig. 1 ). The genomic copy of the murine homologue of T11 was obtained in a similar fashion by probing a murine genomic partial library constructed in the A vector EMBL3B with cDNA fragments (12) . Once again, three overlapping phage inserts were obtained that corresponded to the complete coding sequence of the cDNA as well as extensive 5'-and 3'-flanking regions (Fig. 1) . The 5' portion of the gene was contained within AYH2, whereas AYH16 and A8B contained the 3' segments ( Fig. 1 (Fig. 1) . The exons are separated by introns that vary from 0.1-3.9 kb long. Both the sizes and positions of the exons and introns are extremely similar between the human and murine T11 genes (see Table 1 ). This conservation of the length of the individual exons and introns and their relative positions suggests that both genes evolved similarly to encode proteins with homologous function. Comparison of the murine and human genomic copies of interleukin 2 (19), the 6 subunit of T3 (20), the a subunit of the T-cell receptor Ti (21, 22) , and the f8 subunit of the T-cell receptor Ti (23, 24) also revealed similar exon-intron organizations. These genes presumably have similar functions in both species. The T-cell lineage restricted distribution of the human and murine T11 mRNA, shown in RNA gel blot analysis (9, 10), provides further evidence for the similarity of function of these two genes. Chromosomal locations for the murine and human T11 genes (ref. 13 and L.K.C. and E.L.R., unpublished results) have been shown to be on chromosomes 3 and 1, respectively. These chromosomes are known to be syntenic, which further implies a common origin and evolution for the murine and human T11 genes. Nucleotide Sequence Analysis. By using a series of 17-base oligonucleotide primers generated from the sequence of the murine and human T11 cDNAs, the exon-intron structure of the corresponding T11 genes was determined (Fig. 2) . The nucleic acid sequence of each exon bounded by its canonical 5'-and 3'-splice junctions (26) is shown in Fig. 2 . There is a high degree of similarity between the boundaries of the respective human and murine exons, such that in every case a precisely homologous codon is split between the first and second nucleotide in the corresponding exon boundary (see Fig. 2 ). For the T-cell receptor subunit genes (21-24), immunoglobulin genes (27) , and T3 6-subunit genes (20) , a codon triplet is also split between the first and second nucleotides by an intron junction. However, introns of genes such as y interferon (28), human (29) , and mouse interleukin 2 (19) split exons between codons. Table 1 shows that a codon yielding an identical amino acid is present (e.g., GlyGlySerLeuLeuMetValPheValAlaLeuLeuValPheTyrIleThrLysArgLysLysClnArgS GGAGGCACCCTCTTGATGGTCTTTGTGCCACTGCTCGTTTTCTATATCACCAAAGGAAAAAAACAGAGGA ***** ******************** * ********** *********** ** * TM (Fig. 2) mature protein and several exons encoding cytoplasmic segments and 3'-untranslated sequence. Moreover, unlike T-cell receptor subunit variable or constant region exons, exon Exl of T11 lacks any codons for cysteine residues that might be involved in potential intrachain disulfide bond formation known to stabilize immunoglobulin domains (21) (22) (23) (24) .
The extracellular T11 protein segment is involved in facilitating cell-cell contact as well as T-cell activation events (1-7). Although it is likely that these functions may be mediated by the same structural domain, the possibility remains that the functions are compartmentalized into exons Exl and Ex2. In this regard, we have already observed that the T111 epitope, which presumably mediates conjugate formation (i.e., sheep erythrocyte-T-cell-rosette formation and cytotoxic T lymphocyte-target conjugate formation) by interacting with the ubiquitous surface structure lymphocyte function-associated antigen 3 (4, 7), resides on a protein fragment encoded exclusively by exon Exl (N. E. Richardson and E.L.R., unpublished observation). Whether exon Ex2 encodes the domain responsible for initiating activation events, however, remains to be determined.
The human genomic T11 sequence agrees with our published cDNA sequence (9) with the following four differences: (i) a cytidine in the genomic sequence instead of a thymidine reported at position 338 of the cDNA; (ii) the addition of a cytidine after position 1037; (iii) TG instead of GT at positions 1322 and 1323; and (iv) the addition of an adenosine after position 1336 (numbered according to PB1 cDNA in ref. 9). These differences are the result of sequencing errors in the published cDNA sequence (9) . Only the additional cytidine after position 1037 affects the predicted T11 protein sequence. It causes a frameshift leading to a predicted protein 13 amino acids shorter than reported and to a carboxyl terminus with better homology to the predicted murine protein (12) . This change also agrees with the sequence reported by Seed and Aruffo (11) .
The murine T11 genomic sequence reported here is derived from the BALB/cJ mouse strain. It differs at the following five nucleotide positions from the B10.D2 T11 cDNA sequence reported (12): (i) a guanosine in the genomic sequence instead of an adenosine at position 397 of the B10.D2 cDNA; (ii) an adenosine instead of a guanosine at position 450; (iii) a guanosine instead of an adenosine at nucleotide position 539; (iv) a guanosine instead of a thymidine at position 588; and (v)-a cytidine instead of a thymidine at position 590 (numbered according to XB2 cDNA in ref. 12 ). These alterations result in four predicted amino acid differences: at amino acid (aa) residue 106, valine instead of methionine (conservative change); at aa residue 153, serine instead of asparagine (conservative change); at aa residue 169, lysine instead of asparagine (nonconservative change); and at aa residue 170, threonine instead of methionine (semiconservative change). These changes probably represent genetic polymorphism between BALB/cJ and B10.D2 mouse strain. Each of these is restricted to exon Ex2 suggesting that there may be fewer evolutionary constraints in this region of the gene.
Analysis of Til Gene Flanking Sequences. To compare putative regulatory regions of the T11 gene in man and mouse, both 5'-and 3'-flanking regions were analyzed. We obtained -450 bp of upstream flanking DNA sequence from each of the T11 genes (Fig. 3) . We provisionally determined the human cap site with a modification (31) Results from RNA gel blot analysis (9) and cDNA cloning have demonstrated that two distinct sizes (1.7 and 1.3 kb) of T11 mRNA exist in the human T cell (9) (10) (11) . In contrast, only a single 1.3-kb T11 mRNA is observed in murine thymocytes (9, 13) . Sequence analysis identified two polyadenylylation signals (AATAAA) within the 3'-untranslated region of the human T11 gene (Fig. 2, underlined) , whereas the mouse T11 cDNA contained only one such site. The difference in size of the two types of human cDNA clones (-400 bp) (9) can be most easily explained by differential use Fig. 2 . The homology value was highly significant at 195; weights used were as follows: for gaps, -(1.01 + 0.90 x length), and for mismatches, -0.10 (ref. 25) . The initial methionine codon has been double underlined.
Proc. Natl. Acad. Sci. USA 85 (1988) of polyadenylylation signals since both are present within the genomic exon C (Fig. 2) . To determine the DNA sequence at a comparable position flanking the mouse exon, we sequenced 360 bases downstream of the known murine polyadenylylation site and compared mouse and human nucleotide sequences. Alignment of the human and mouse DNA sequences was done with the LOCAL algorithm (Fig.  4) . There is extensive homology between the two sequences (62.1%) with a minimum number of gaps introduced to align sequences. Surprisingly, the level of similarity between human 3'-untranslated sequence and murine 3'-flanking sequence is essentially equal to that between human and murine T11 exons (Table 1) .
Most interesting is the presence of a second canonical polyadenylylation signal in the murine 3'-flanking sequence at a similar position to the downstream human site (Fig. 4) . Why this fails to give rise to a 1.7-kb mRNA species in murine thymocytes is unclear. Noteworthy is the substitution of three adenosine residues in the human cDNA with three guanosine residues in a similar position within the murine flanking sequence. These differences may allow the human polyadenylylation signal sequence to function as a site for poly(A) addition, resulting in the expression of an mRNA with additional 3' sequence. Alternatively, a transcriptional stop sequence may have formed within a 3'-flanking DNA of the murine T11 gene that precludes the use of the downstream AATAAA sequence. We have not found a unique functional role as yet for the longer 1.7-kb human T11 cDNA, since both the 1.7-and 1.3-kb mRNAs encode a protein showing properties of the known T11 (9) . However, conservation of 3' sequence for at least several hundred bases (65%) suggests the possibility of a common downstream murine and human regulatory element of the T11 gene.
Given that the level of nucleotide similarity between 5'-and 3'-flanking regions of the T11 gene in both species is as great as the homology between murine and human T11 exons, it would appear likely that the T11 gene is similarly regulated in both species. Consistent with this notion is the T-lineage restriction of T11 mRNA expression (9) (10) (11) 13) . 
